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Des rlption 

Technical Field 



10 



16 



20 



25 



i fioH nf immunoassays for HCV (previously called Non-A, Non-B hepatitis virus). 

tibodies. 
Background 

• K . A w „ n d hfinatitis (NANBH) was considered to be a transmissible disease 
The dfeease known P rev *^ from other lorms o. viral- 

B virus (HBV) ^JJJJ^S^h lransl used individuals. Transmission from man to ch,mpanzee and 
Barr virus (EBV). NANBH was nrsi nnun ' transmissible infectious agent or agents, 

serial passage in chimpanzees provided evince that NANBH I wa .due to _a ' tra ™ a bIood . 

no transmissible agent responsible tor NANBH had been laemme i « detect ye 

had been accomplished primarily by exclusion _of o*er ^^Lb, immunofluorescence micro- 
NANBH antigens and antibodies were agar^el Mum ™ n ^™™™Zun<xo^x assa y. However, none of 
scopyjmmunee.ectron microscopy^ 

these assays proved to be sufficiently een » rtwe ^ e ^ n ° Resent application) identified the first nucleic acid 
' n ZXT^JSmZ To eT Pub^oTa 21^ghtci era.., Science 244:359 (1988). 
S3^S^^^ S£ a new vira, Css. hep,™ (H CV), the prototype 
^o^Ldthereinbeingn^ 

US Patent 5,350,671 (Houghton e» at), '"^^ 
reoombinantHCV^^ 

so reactivity with sera from HCV patients, max nnuo «* y CA279a ^ CA290a. Of these five polypep- 

very immunogenic; specifically, those .dentrfied as 5- -1 . C100 C33c ^CAZ79 u ana ^ 

for HCV. EP a 4«. «J ae polypeptide selected from the group consisting of. inter aim. P 1 . p36 and 

(disclosed in EP-A-318,21 6) togetner wrtn a poiype^iuo . -os^o,, 9 is iys and 1 1 is Asn . 

U.Tnepeptideplcormspondstoaminoac^ 

P*»™^te^ h ^^^^ S^TSSinS; proteins and glycopeptides of HCV 

detection of antibodies to HCV. 
45 Disclosure nf the Invention 

tide identified to date is immunologically reactive with aU sera. Tnis .mc* o njff^ epitopes. 

suitable for detection of HCV by immunoassay, compnsmg: 

(a) a first epitope sequence from the C domain of the HCV pofyprotein; 
Jb) a second epitope sequence from a second domain of the HCV polyprotein which domain is. 
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(i) the NS3 domain of the HCV polyprotein; 

(ii) the NS4 domain ol the HCV polyprotein; or 

(iii) the NS5 domain ot the HCV polyprotein; 

5 and 

(c) a third epitope sequence from a third domain of the HCV polyprotein which domain is: 

(i) the NS3 domain of the HCV polyprotein; 
10 (ii) the NS4 domain ot the HCV polyprotein; or 

(iii) the NS5 domain of the HCV polyprotein; 

wherein the third domain is different from the second domain; with the proviso that the combination is not the peptide 
pi with C100-3, the peptide p36 with C100-3 or the peptide p99 with C100-3. 
is in one embodiment, the combination ot HCV epitope sequences is in the form of a fusion protein comprised of the 

epitopes. In an alternative embodiment, the combination ol epitope sequences is in the form of the individual epitopes 
bound to a common solid matrix. In still another embodiment, the combination of epitope sequences is in the form of 
a mixture of the individual epitopes. 

Another aspect of the invention is a method for detecting antibodies to HCV in a mammalian body component 
20 suspected of containing said antibodies comprising contacting said body component with the above-described com- 
bination of HCV epitope sequences under conditions that permit antibody-antigen reaction and detecting the presence 
of immune complexes of said antibodies and said epitope sequences. 

Said body component may be contacted with a panel of HCV epitope sequences simultaneously or sequentially. 
Another aspect of the invention is a kit for carrying out an assay for detecting antibodies to HCV in a mammalian 
25 body component suspected of containing said antibodies comprising in packaged combination 

(a) said combination of HCV epitope sequences; 

(b) standard control reagents; and 

(c) instructions for carrying out the assay. 

30 

Brief Description of the Drawings 
In the drawings: 

Figure 1 is the nucleotide sequence of the cDNA sense and anti-sense strand for the HCV polyprotein and the 
36 amino acid sequence encoded by the sense strand. 

Figure 2 is a schematic of the amino acid sequence of Figure 1 showing the putative domains of the HCV polypep- 
tide. 

Modes for Carrying Out the Invention 

40 

Definitions 

"HCV antigen" means a polypeptide of at least about 5 amino acids, more usually at least about 8 to 10 amino 
acids that defines an epitope found in an isolate of HCV Preferably, the epitope is unique to HCV. When an antigen is 
4* designated by an alphanumeric code, the epitope is from the HCV domain specified by the alphanumeric. 

■Synthetic" as used to characterize an HCV antigen means that the HCV antigen has been man-made such as by 
chemical or recombinant synthesis. 

■Domains' means those segments of the HCV polyprotein shown in Figure 2 which generally correspond to the 
putative structural and nonstructural proteins of HCV. Domain designations generally follow the convention used to 
so name Flaviviral proteins. The locations of the domains shown in Figure 2 are only approximate. The designations 'NS" 
denotes ■nonstructural" domains, while "S" denotes the envelope domain, and "C" denotes the nucleocapsid or core 
domain. 

■Fusion polypeptide" means a polypeptide in which the HCV antigen(s) are part of a single continuous chain of 
amino acids, which chain does not occur in nature. The HCV antigens may be connected directly to each other by 
55 peptide bonds or be separated by intervening amino acid sequences. The fusion polypeptides may also contain amino 
acid sequences xogenous to HCV. 

"Common solid matrix' means a solid body to which the individual HCV antigens or the fusion polypeptide com- 
prised of HCV antigens are bound covalentty or by noncovalent means such as hydrophobic adsorption. 
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•Mammalian body component- means a fluid or tissue ol a mammalian individual (e g a 
contains an4odiesFoduced by the indwidual. Such components ar known .n the art and include without limitation, 
Sn£2^. spina. Iluid, tymph fluid, secretions of the respiratory, intestinal or genitounnary tracts, tears, 

s ^r^^^^ -igen in question wil, react sp^ca, V **h anti^CV antibody com- 
mnnlv oresent in a significant proportion of sera from individuals infected with HCV. 

tZe c^plex- means the combination or aggregate formed when an antibody b,nds to an epitope on an 

antigen. 

»o Combinations of HCV Antigens 

Fioure 2 shows the putative domains of the HCV polyprotein. The domains from which the antigens used I in the 
F gure^ snows ine p andN S5.TheC domain is believed to define the nucleocaps.d protein 

t NSmtrofCoVprotein to approximately amino acid 120 o, 

10 P 50 toaS add 1 6 o^SJSSSSSL •» viral protease. The NS4 domain extends from the terminus 
l?NS3 toTDPrraimately amino acid 2000. The function of the NS4 protein is not known at this time. Finally the NS5 

- strair t rb= 

S ^ornate Tne use ol HCV anligens toing such altering sequences a wended id Be wilhm me scape dt 

subdomain may be included in the S domain antigen if desired. . He 11Q9 1 . 1il? - 7 

A Te erTJNS3 domain antigen is the antigen designated C33c. That ant.gen includes amino acids 11 92 1 to 1 457 
ss of Figure 1 Atreferred NS4 antigen is C100 which comprises amino acids 15 69 to 1931 of Figure 1. Apreferred NS5 

contain eeolence exogenous to HCV (i.e.. ft may be in the form of a fusion protein that includes exogenous sequence). 
rr^~Utty produce. HCV anjge, Z'SttSSZiS- « 

oTenst^ 

Ainha factor is a secretion system, however, while ubiquitin fusions remain in the cytoplasm, 
exemplified domain may also be used. 

so 

Pr paration of HCV Antigens 

The HCV antigens of the invention are preferably produced recombinant* or by known solid P^se chem^ syn- 
thesi? They may. however, also be isolated from d^ociated HCV or HCV parfc.es using affinity chromatography 

clonZthaiDNA into expression vectors, transforming host cells such as bacteria, yeast insect or nmiM^ 
and such DNA to produce the antigen may be employed. As indicated piously, r. may be desirable to 
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« «rot 0 -. n m enhance exoression, facilitate purHication, or enhance solubility. Examples 

jessvsk zzseesz — «• - ^ * *° ^ * ,n,ra ' - m 05 

patent 5,350,671. 
5 Formulation of Antigens for Mfifi in Immunoassay 

ThP HCV antiaens may be combined by producing them in the form of a fusion protein composed of two or more 

proteins of the antigen may also be ,mmob.lized on (bound to) a «oW ^ JJ« surface will va.y depending 
,o -covalenttybindingprote^^ 

upon the assay ^^^^^^^^^ In assays using a dipstk* (i.e., a so.id body 
For assays us.ng beads, the solid surface will De me s materja| ffom 

AgRPi y Formats Using Combinat ions of Antigens 

onti HCV antibodv is oresent in the teat specimen, no visible precipitat is formed. fc 
^SS!5tai!3 typically be packaged in the form of a kit (or use in these immunoassays. The krt will normajy 
contain i^ of antigens (either already bound to a sotid matnx orsepa^e w£ 

Xnts "or ceding them to the matrix), control antibody formulations (positive and/c ."^Jf^does^t 
Zn the assay format requires same and signal generating reagents (e.g., enzyme substrate) .1 me label does not 
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generate a signal directly. Instructions (e.g., written, tape, VCR, CD-ROM, etc.) for carrying out the assay usually will 
be included in the kit. 

The following examples are intended to illustrate the invention and are not intended to limit the invention in any 
manner. 

5 

Example 1: Synthesis of HCV Antigen C33c 

HCV antigen C33c contains a sequence from the NS3 domain. Specifically, it includes amino acids 1192-1457 of 
Figure 1 . This antigen was produced in bacteria as a fusion protein with human superoxide dismutase (SOD) as follows. 
io The vector pSODcfl (Steiner et al. (1986), J. Virol. 58:9) was digested to completion with EcoRI and BamHI and the 
resulting EcoRI, BamHI fragment was ligated to the tollowing linker to form pcflEF: 

GATC CTG GAA TTC TGA TAA 

GAC CTT AAG ACT ATT TTA A 

15 

AcDNA clone encoding amino acids 11 92-1457 and having EcoRI ends was inserted into pcf 1 EF to form pcf 1 EF/C33c. 
This expression construct was transformed into D1210 E. coli cells. 

The transformants were used to express a fusion protein comprised of SOD at the N-terminus and in-frame C33c 
HCV antigen at the C-terminus. Expression was accomplished by inoculating 1500 ml of Luria broth containing amp- 

20 jcillin (100 micrograms/ml) with 15 ml of an overnight culture of the transformants. The cells were grown to an O.D. of 
0.3, IPTG was added to yield a final concentration of 2 mM, and growth continued until the cells attained a density of 
1 O.D., at which time they were harvested by centrifugation at 3,000 x g at 4°C for 20 minutes. The packed cells can 
be stored at -8G°C for several months. 

In order to purify the SOD-C33c polypeptide the bacterial cells in which the polypeptide was expressed were 

2S subjected to osmotic shock and mechanical disruption, the insoluble fraction containing SOD-C33c was isolated and 
subjected to differential extraction with an alkaline-NaCI solution, and the fusion polypeptide in the extract purified by 
chromatography on columns of S-Sepharose(TM) and Q-sepharose(TM). 

The crude extract resulting from osmotic shock and mechanical disruption was prepared by the following procedure. 
One gram of the packed cells were suspended in 10 ml of a solution containing 0.02 M Tris HCI, pH 7.5, 10 mM EDTA, 

30 20% sucrose, and incubated for 10 minutes on ice. The cells were then pelleted by centrifugation at 4,000 x g for 15 
min at 4°C. After the supernatant was removed, the cell pellets were resuspended in 10 ml of Buffer Al (0.01 M Tris 
HCI, pH 7.5, 1 mM EDTA, 14 mM betamercaptoethano! [BMEJ), and incubated on ice for 10 minutes. The cells were 
again pelleted at 4,000 x g for 15 minutes at 4 a C. After removal of the clear supernatant (periplasms fraction I), the 
cell pellets were resuspended in Buffer Al, incubated on ice for 10 minutes, and again centrifuged at 4,000 x g for 15 

35 minutes at 4 a C. The clear supernatant (periplasmic fraction II) was removed, and the cell pellet resuspended in 5 ml 
of Buffer A2 (0.02 M Tris HCI, pH 7.5, 14 mM BME, 1 mM EDTA, 1 mM PMSF). In order to disrupt the cells, the 
suspension (5 ml) and 7.5 ml of Dyno-miil lead-free acid washed glass beads (0.10-0.15 mm diameter)(obtained from 
Glen-Mills, Inc.) were placed in a Falcon tube, and vortexed at top speed for two minutes, followed by cooling for at 
least 2 min on ice; the vortexing-cooling procedure was repeated another four times. After vortexing, the slurry was 

40 filtered through a scintered glass funnel using low suction; the glass beads were washed two times with Buffer A2, and 
the filtrate and washes combined. 

The insoluble fraction of the crude extract was collected by centrifugation at 20,000 x g for 1 5 min at 4°C, washed 
twice with 10 ml Buffer A2, and resuspended in 5 ml of MILLI-Q(TM)water. 

A fraction containing SOD-C33c was isolated from the insoluble material by adding to the suspension NaOH (2 

4$ M) and NaCI (2 M) to yield a final concentration of 20 mM each, vortexing the mixture for 1 minute, centrif uging it 20,000 
x g for 20 min at 4°C, and retaining the supernatant. 

In order to purify SOD-C33c on S-Sepharose(TM), the supernatant fraction was adjusted to a final concentration 
of 6M urea, 0.05M Tris HCI, pH 7.5, 14 mM BME, 1 mM EDTA. This fraction was then applied to a column of S- 
Sepharose(TM) Fast Flow (1.5 x 10 cm) which had been equilibrated with Buffer B (0.05M Tris HCI, pH 7.5, 14 mM 

so BME, 1 mM EDTA). After application, the column was wash d with two column volumes of Buffer B. The flow through 
and wash fractions were collected.- The flow rate of application and wash, was 1 ml/min; and collected fractions were 
1 ml In order to identify fractions containing SOD-C33c, aliquots of the fractions were analyzed by electrophoresis on 
10% polyacrylamide gels containing SDS followed by staining with Coomassie blue. The fractions are also analyzable 
by Western blots using an antibody directed against SOD. Fractions containing SOD-C33c were pooled. 

55 Further purification of SOD-C33c was on a Q-Sepharose(TM) column (1 .5 x 5 cm) which was equilibrated with 

Buffer B. The pooled fractions containing SOD-C33c obtained from chromatography on S-Sepharose(TM) was applied 
to the column. The column was then washed with Buffer B, and eluted with 60 ml of a gradient of 0.0 to 0.4 M Nacl in 
Buffer B. The flow rate tor application, wash, and elution was 1 ml/min; collected fractions were 1 ml. All fractions from 
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the Q-SepharosefTM) column were analyzed as described for the S-Sepharose(TM) column. The peak of SOD-C33c 

luted from the column at about 0.2 M NaCI. 

The SOD-C33C obtained from the Q.Sepharose(TM) column was greater than about 90% pure, as judged by 
analysis on the polyacrylamide SDS gels and immunoblot using a monoclonal antibody directed agamst human SOD. 

5 

Fxamole 2: Synthesis ol HCV Antigen ClOO 

HCV antigen C100 contains sequences from the NS3 and NS4 domains. Specilically, it includes amino acids 
1 569-1 931 of Figure 1 . This antigen was produced in yeast. A cDNA Iragment of a 1 270 bp encoding the above ammo 
10 acids and heavina EcoRI termini was prepared. 

Th ^ construction of a yeast expression vector in which this fragment was fused directly to the S_ cerev,sae 
ADH2/GAP promoter was accomplished by a protocol which included amplification of the C1 00 sequence us.ng a PCR 
method followed by ligation of the amplified sequence into a cloning vector After cloning the C100 sequence was 
TcisS. and with a sequence which contained the ADH2/GAP promoter, was ligated to a large fragment ol a yeas. 

is vector to yield a yeast expression vector. 

The PCR amplification ol C100 was performed using as template the vector pS^,^, which had been line^ 
arized by digestion with Sail. P S3-56, which isa pBR322 derKrative, contains an expression cassette which is composed 
of the ADH2/GAPDH hybrid yeast promoter upstream of the human superoxide dismutase gene, and a downstream 

^Tn™ 

and to inSTe a translation termination codon. Specrtically. novel 5'-Hindl II and 3'-Sal. sites were generaU* wrth the 
PGR o gonucleotides. The oligonucleotide containing the Sal. site also encodes the double term.nat.on codons TAA 
and TGA The oligonucleotide containing the Hindlll site also contains an untranslated leader sequence der^ed from 
the pgap63 generated immediate* upstream of the AUG codon. The P Eco63GAPDH gene is descr.bed by ? Holland 
and Holland (1 9B0) and by Kniskem et al. (1 986). The PCR primer sequences used for the direct expression of C 00m 



20 



25 



so 



so 



ss 



were: 



and 



5 ' GAG TGC TCA AGC TTC AAA ACA AAA TGG CTC 
ACT TTC TAT CCC AGA CAA AGC AGA GT 3' 

5' GAG TGC TCG TCG ACT CAT TAG GGG GAA 
ACA TGG TTC CCC CGG GAG GCG AA 3 ' . 

Amplification by PCR, utilizing the primers, and template, was with a Cetus-Perkin-Elmer PCR kit, and was per- 
formed according to the manutacturer-s directions. The PCR conditions were 29 cycles ol 94'C for a minute, 37 C ; lor 

2 minutes. 72"C for 3 minutes; and the final incubation was at 72»C for 1 0 minutes. The DNA can be stored at 4 C or 

<o "^AttrampILtion. the PCR products were digested with Hindlll and Sail. The major ^product of 1.1 H>«P»W 
by electrophoresis on a gel. and the eluted purilied product was ligated wrth a large Sall-H.ndlll fragment ol, BR322_ 
In order to isolate correct recombinants, competent HB1 01 cells were transformed wrth he ^'^^^ 
after cloning, the desired recombinants were identified on the basis of the predtfed s.ze of H.ndlll- Sail fragmente 
excised from the clones. One of the clones which contained the a Hindlll-Sal. fragment of the correct s.ze was named 

45 pBR322/C1 00-d. Confirmation that this clone contained amplified C1 00 was by direct sequence analyse of the Hmdlll- 

T^ression vector containing C100 was constructed by ligating the Hindlll^llfragment from P BR32^C10W 
to a 13 1 Kb BamHl-Sall fragment ot P BS24.1, and a 1369 bm BamHI-Hindl.l fragment conta.n.ng the ADH2/ GAP 
promoter. (The latter fragment is described in EPO 164,556). The ADH2/GAP promoter fragment was opined by 
digestion ol the vector pPGAP/AG/Hindlll with Hindlll and BamHI, followed by purification of the 1369 bp fragment on 

3 ^Competent HB101 cells wer transformed wrth the recombinant vectors; and correct recombinants were identified 
by the generSion of a 2464 bp fragment and a 1 3.1 kb fragment generated by BamHI and Sal. digesfon o. the Coned 
vectors. On I the cloned correct recombinant vectors was named P Cl00"d#3. , iira1s9o(b 

In order to express C100. competent cells * ^^h^mmvcea cerevierce etram AB122 (MATa Ieu2 ura3-52 .pro 
1-1122 pe P 4-3 prc1-407[cir-0]) were translormed wtth the expression vector pC100-d#3. The transtormed cells were 
plated on URA-sortoitol, and individual transformants were then sfreaked on Lew plates. 

individual clones were cultured in leu-, ura- medium with 2% glucose at 30'C for 24-36 hours. One liter ol Yeas. 
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Extract Pepton Medium (YEP) containing 2% glucose was inoculated with 10 ml of the overnight culture, and the 
resulting cultur was grown at 30°C at an agitation rate of 400 rpm and an aeration rate of 1 L of air per 1 L of medium 
per minute (i.e., iwm) tor 48 hours. The pH of the medium was not controlled. The culture was grown in a BioFlo II 
f ermentor manufactured by New Brunswick Science Corp. Following fermentation, the cells were isolated and analyzed 
5 for C 100 expression. 

Analysis for expressed C100 polypeptide by the transformed cells was performed on total cell lysates and crude 
extracts prepared from single yeast colonies obtained from the Leu* plates. The cell lysates and crude extracts were 
analyzed by electrophoresis on SDS polyacrylamide gels, and by Western blots. The Western blots were probed with 
rabbit polyclonal antibodies directed against the SOD-C100 polypeptide expressed in yeast. The expected size of the 
to C100 polypeptide is 364 amino acids By gel analysis the expressed polypeptide has a MW r of 39.9K. 

Both analytical methods demonstrated that the expressed C100 polypeptide was present in total cell lysates, but 
was absent from crude extracts. These results suggest that the expressed C100 polypeptide may be insoluble. 

Example 3: Expression of HCV Antigen $2 

15 

HCV antigen S2 contains a sequence from the hydrophobic N-terminus of the S domain. It includes amino acids 
199-328 of Figure 1. 

The protocol for the construction of the expression vector encoding the S2 polypeptide and for its expression in 
yeast was analogous to that used for the expression of the C100 polypeptide, described in Example 2. 
20 The template for the PCR reaction was the vector pBR322/Pi14a, which had been linearized by digestion with 

Hindlll. Pi14aisacDIMA clone that encodes amino acids 199-328. 

The oligonucleotides used as primers for the amplification by PCR of the S2 encoding sequence were the following. 
For the S'-region of the S2 sequence: 

2s 5' GAG TGC TCA AGC TTC AAA ACA AAA TGG GGC TCT 

ACC ACG TCA CCA ATG ATT GCC CTA AC 3 ' ; 

and 

for the 3'-region of the S2 sequence: 

30 

5 'GAG TGC TCG TCG ACT CAT TAA GGG GAC CAG TTC 
ATC ATC ATA TCC CAT GCC AT 3'. 

The primer for the 5'-region introduces a Hindlll site and an ATG start codon into the amplified product. The primer for 
36 the 3-region introduces translation stop codons and a Sail site into the amplified product. 

The PCR conditions were 29 cycles of 94°C tor a minute, 37*C for 2 minutes, 72°C for 3 minutes, and the final 
incubation was at 72°C for 10 minutes. 

The main product of the PCR reaction was a 41 3 bp fragment, which was gel purified The purified fragment was 
ligated to the large fragment obtained from pBR322 digested with Hindlll and Sail fragment, yielding the plasmid 
40 pBR322/S2d. 

Ligation of the 413 bp Hindlll-Sall S2 fragment with the 1.38 kb BamHI-Hindlll fragment containing the ADH2/GAP 
promoter, and wfth the large BamHI-Sall fragment of the yeast vector pBS24.1 yielded recombinant vectors, which 
were cloned. Correct recombinant vectors were identified by the presence of a 1.77 kb fragment after digestion with 
BamHI and Sail. An expression vector constructed from the amplified sequence, and containing the sequence encoding 
45 S2 fused directly to the ADH2/GAP promoter is identified as pS2d#9. 

Example 4: Synthesis of HCV C Antigen 

HCV antigen C22 is from the C domain. It comprises amino acids 1-122 of Figure 1. 
so The protocol (or the construction of the expression vector encoding the C polypeptide and for its xpression in 
yeast was analogous to that used for the expression of the C 100 polypeptide, described supra, except for the following. 

The template for the PCR reaction was pBR322/ Ag30a which had been linearized with Hindlll. Ag30 is a cDNA 
clone that encodes amino acids 1-122. The oligonucleotides used as primers for the amplification by PCR of the C 
encoding sequence were the following. 
55 For the 5*-region of the C sequence: 
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5' GAG TGC AGC TTC AAA ACA AAA TGA GCA CGA 
ATC CTA AAC CTC AAA AAA AAA AC 3 ' , 

5 and 

for the 3'-region of the C sequence: 

5' GAG TGC TCG TCG ACT CAT TAA CCC AAA TTG CGC 
GAC CTA CGC CGG GGG TCT GT 3'. 

10 

The primer tor the S'-region introduces a Hindlll site intothe amplified product, and the primer for the 3'region introduces 
translation stop codons and a Sail site. The PCR was run tor 29 cycles of 94°C for a minute, 37°C for 2 minutes, 72°C 
for 3 minutes, and the final incubation was at 72°C for 10 minutes. 

The major product of PCR amplification is a 381 bp polynucleotide. Ligation of this fragment with the Sall-Hindlll 
15 large Sall-Hindlll fragment of pBR322 yielded the plasmid pBR322/C2. 

Ligation of the 381 bp Hindlll-Sall C coding fragment excised from pBR322/C2 with the 1.36 kb BamHI-Hindlll 
fragment containing the ADH2/GAP promoter, and with the large BamHI-Sall fragment of the yeast vector pBS24 1 
yielded recombinant vectors, which were cloned. Correct recombinant vectors were identified by the presence of a 
1 .74 kb fragment after digestion with BamHI and Sail. An expression vector constructed from the amplified sequence, 
20 and containing the sequence encoding C fused directly to the ADH2/GAP promoter is identified as pC22. 

Analysis for expressed C polypeptide by the transformed cells was performed on total cell lysates and crude ex- 
tracts prepared from single yeast colonies obtained from the Leir plates. The cell lysates and crude extracts were 
analyzed by electrophoresis on SDS polyacrylamide gels. The C polypeptide is expected to have 1 22 amino acids and 
by gel analysis the expressed polypeptide has a MW r of approximately 1 3.6 Kd. 

2S 

Example 5: Synthesis of NS5 Polypeptide 

This polypeptide contains sequence from the N-terminus of the NS5 domain. Specifically it includes amino acids 
2054 to 2464 of Figure 1 . The protocol tor the construction of the expression vector encoding the NS5 polypeptide and 
so for its expression were analogous to that used for the expression of C33c (see Example 1 ). 

Example 6: Radioimmunoassay (RIA) for Antibodies to HCV 

The HCV antigens of Examples 1 -5 were tested in an RIA format lor their ability to detect antibodies to HCV in the 
36 serum of individuals clinically diagnosed as having HCV (Non-A, Non-B) and in serum from blood given by paid blood 
donors. 

The RIA was based upon the procedure of Tsu and Herzenberg (1980) in SELECTED METHODS IN CELLULAR 
IMMUNOLOGY (W.H. Freeman & Co.), pp. 373-391. Generally, microtiter plates (Immulon 2, Removawell strips) are 
coated with purified HCV antigen. The coated plates are incubated with the serum samples or appropriate controls. 

40 During incubation, antibody, if present, is immunologically bound to the solid phase antigen. After removal of the un- 
bound material and washing of the microtiter plates, complexes of human antibody-NANBV antigen are detected by 
incubation with 125 l-labeled sheep anti-human immunoglobulin. Unbound labeled antibody is removed by aspiration, 
and the plates are washed. The radioactivity in individual wells is determined; the amount of bound human anti-HCV 
antibody is proportional to the radioactivity in the well. 

<5 Specifically, one hundred microliter aliquots containing 0.1 to 0.5 micrograms of the HCV antigen in 0.125 M Na 

borate buffer, pH 8.3, 0.075 M NaCl (BBS) was added to each well of a microtiter plate (Dynatech Immulon 2 Re- 
movawell Strips). The plate was incubated at 4°C overnight in a humid chamber, after which, the antigen solution was 
removed and the wells washed 3 times with BBS containing 0.02% Triton X-100 (TM) (BBST). To prevent non-specific 
binding, the wells were coated with bovine serum albumin (BSA) by addition of 100 microliters of a 5 mg/ml solution 

so of BSA in BBS followed by incubation at room temperature for 1 hour; aft r this incubation the BSA solution was 
removed. The antigens in the coated wells were reacted with serum by adding 100 microliters of s rum samples diluted 
1:100 in 0.01M Na phosphate buffer, pH 7.2, 0.15 M NaCl (PBS) containing 10 mg/ml BSA, and incubating the serum 
containing wells for 1 hr at 37°C. After incubation, the serum samples were removed by aspiration, and the wells were 
washed 5 times with BBST. Antibody bound to the antigen was determined by the binding of l2s l-labeled F'(ab)2 sheep 

ss anti-human IgG to the coated wells. Aliquots of 100 microliters of the labeled probe (specific activity 5-20 microcu- 
ries/microgram) were added to each well, and the plates were incubated at 37°C for 1 hour, followed by removal of 
excess probe by aspiration, and 5 washes with BBST. The amount of radioactivity bound in each well was determined 
by counting in a counter which detects gamma radiation. 
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Table 1 below presents the r suits ot the t sts on the serum from individuals diagnosed as having HCV. 
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INDIVIDUAL ANTIGEN 

S2 C22 C100 C33c NSS 

5 AVH-IVDA N P/N N P(++) N 

AVH - acute viral hepatitis 
CVH = chronic viral hepatitis 

70 

PTVH ■ post-transfusion viral hepatitis 
IVDA = intravenous drug abuser 
crypto = cryptogenic hepatitis 
is NOS = non-obvious source 

P * positive 
N * negative 

Per these results, no single antigen reacted with all sera. C22 and C33c were the most reactive and S2 reacted 
20 with some sera from some putative acute HCV cases with which no other antigen reacted. Based on these results, the 
combination of two antigens that would provide the greatest range of detection is C22 and C33c. If one wished to detect 
a maximum of acute infections, S2 would be included in the combination. 
Table 2 below presents the results of the testing on the paid blood donors. 
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35 The results on the paid donors generally confirms the results from the sera of infected Individuals. 



Example 7: ELISA Del erminat ions of HCV Antibodies Using Combination of HCV Antigens 

Plates coated with a combination of C22 and C33c antigens are prepared as follows. A solution containing coating 

40 buffer (50mM Na Borate, pH 9.0), 21 ml/plate, BSA (25 micrograms/ml), C22 and C33c (2.50 micrograms/ml each) is 
prepared just prior to addition to the Removeawell Immulon I plates (Dynatech Corp.). After mixing for 5 minutes, 
0.2ml/well of the solution is added to the plates, they are covered and incubated for 2 hours at 27*C, after which the 
solution is removed by aspiration. The wells are washed once with 400 microliters wash buffer (1 00 mM sodium phos- 
phate, pH 7.4, 140 mM sodium chloride, 0.1% (W/V) casein, 1% OWV) Triton x-100(TM), 0.01% (W/V) Thimerosal). 

45 After removal of the wash solution, 200 microliters/well of Postcoat solution (10 mM sodium phosphate, pH 7.2, 150 
mM sodium chloride, 0,1% (w/v) casein, 3% sucrose and 2 mM phenylmethylsulfonylfiuoride (PMSF)) is added, the 
plates are loosely covered to prevent evaporation, and are allowed to stand at room temperature for 30 minutes. The 
wells are then aspirated to remove the solution, and tyophilized dry overnight, without shelf heating. The prepared 
plates may be stored at 2-8°C in sealed aluminum pouches with dessicant (3 g Sorb-it™ packs). 

so in ord r to perform the ELISA determination, 20 microliters of serum samp! or control sample is added to a well 

containing 200 microliters of sample diluent (100 mM sodium phosphate, pH 7.4, 500 mM sodium chloride, 1 mM 
EDTA, 0.1% (W/V) Casein, 0.01% (W/V) "mimerosal, 1% (W/V) Triton X-100(TM), 100 micrograms/ml yeast extract). 
The plates are sealed, and are incubated at 37°C for two hours, after which the solution is removed by aspiration, and 
the wells are washed three times with 400 microliters of wash buffer -(phosphate buffered saline (PBS) containing 

55 0.05% Tween 20(TM). The washed wells are treated with 200 microliters of mouse anti-human IgG-horse radish per- 
oxidase (HRP) conjugate contained in a solution of Ortho conjugate diluent (10 mM sodium phosphate, pH 7.2, 150 
mM sodium chloride, 50% (V/V) fetal bovine s rum, 1% (V/V) heat treated horse serum, 1 mM ICjFeJCNk, 0.05% (W/ 
V) Tween 20, 0.02% (W/V) Thimerosal). Treatment is for 1 hour at 37°C, the solution is removed by aspiration, and 
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the wells ar© washed three times with 400 ml wash buff r, which is also r moved by aspiration. To determine the 
amount of bound enzyme conjugate, 200 microliters of substrate solution (t 0 mg O-phenylenediamine dihydrochloride 
per 5 ml of Developer solution) is added. Developer solution contains 50 mM sodium citrate adjusted to pH 5.1 with 
phosphoric acid, and 0.6 microliters/ml of 30% H 2 0 2 - The plates containing the substrate solution are incubated in the 
5 dark for 30 minutes at room temperature, the reactions are stopped by the addition of 50 microliters/ml 4N sulfuric 
acid, and the ODs determined. 

In a similar manner, ELISAs using fusion proteins of C22 and C33c, and C22, C33c, and S2 and combinations of 
C22 and C1 00, C22 and S2, C22 and an NS5 antigen, C22, C33c, and S2, and C22, C1 00, and S2 may be carried out. 

10 

Claims 



Claims for the following Contracting States : AT, BE, CH, LI, DE, DK, FR, GR, IT, LU, NL, SE 

15 

1. A combination of hepatitis C virus (HCV) epitope sequences in one or more polypeptides made by chemical syn- 
thesis or recombinant expression, immobilized on the surface of a solid matrix suitable for detection of HCV by 
immunoassay, comprising; 

20 (a) a first epitope sequence from the C domain of the HCV polyprotein; 

(b) a second epitope sequence from a second domain of the HCV polyprotein which domain is; 

(i) the NS3 domain of the HCV polyprotein; 

(ii) the NS4 domain of the HCV polyprotein; or 
26 (jii) the NS5 domain of the HCV polyprotein; and 

(c) a third epitope sequence from a third domain of the HCV polyprotein which domain is: 

(i) the NS3 domain of the HCV polyprotein; 
30 (jj) the NS4 domain of the HCV polyprotein; or 

(iii) the NS5 domain of the HCV polyprotein; 

wherein the third domain is different from the second domain; 

with the proviso that the combination is not the peptide p1 with C1 00-3, the peptide p35 with C1 00-3 or the peptide 
35 P 99 with C100-3. 

2. A combination according to claim 1 wherein the second domain is NS3. 

3. A combination according to claim 1 wherein the second domain is NS4. 

40 

4. A combination according to claim 1 which comprises: 

(a) a first epitope sequence from the C domain of the HCV polyprotein; 

(b) a second epitope sequence from the NS3 domain of the HCV polyprotein; and 
45 ( c ) a third epitope sequence from the NS4 domain of the HCV polyprotein. 

5. A combination according to any one of claims 1 to 4 wherein the solid matrix is the surface of a microtiter plate 
well, a bead or dipstick. 

so 6. A combination according to any one of claims 1 to 5 wherein the first, second and third epitope sequences are 
contained in first, second and third polypeptides respectively individually bound to the solid matrix. 

1. A combination according to claim 6 wherein the solid matrix is a dipstick and the polypeptides are distributed 
individually in a pattern such that binding to the first, second and third polypeptides may be discerned. 

55 

8. The combination of any one of claims 1 to 5 wherein the combination is in the form of a fusion polypeptide. 

9. A method for detecting antibodies to hepatitis C virus (HCV) in a mammalian body component suspected of con- 
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taining said antibodies comprising contacting said body component with the combination ol any one ot claims 1 
to 8 under conditions that permit antibody-antigen reaction and detecting the presence of immune complexes of 
said antibodies and said polypeptide epitope sequences. 

s 10. A kit for carrying out an assay for detecting antibodies to hepatitis C antigen (HCV) in a mammalian body component 
suspected of containing said antibodies comprising in packaged combination: 

(a) the combination ol HCV epitope sequences ot any one of claims 1 to 8, 

(b) standard control reagents; and 

10 (c) instructions for carrying out the assay. 



Claims for the following Contracting State : ES 

is 1 . A method for detecting antibodies to hepatitis C virus (HCV) in a mammalian body component suspected of con- 
taining said antibodies comprising contacting said body component with the combination of polypeptide HCV 
epitope sequences under conditions that permit antibody-antigen reaction and detecting the presence of immune 
complexes of said antibodies and said polypeptide epitope sequences, wherein epitope sequences are in one or 
more polypeptides made by chemical synthesis or recombinant expression, immobilized on the surface of a solid 

20 matrix suitable for detection of HCV by immunoassay, comprising: 

(a) a first epitope sequence from the C domain of the HCV polyprotein; 

(b) a second epitope sequence from a second domain of the HCV polyprotein which domain is: 

25 (i) the NS3 domain of the HCV polyprotein; 

(ii) the NS4 domain of the HCV polyprotein; or 
(Hi) the NS5 domain of the HCV polyprotein; and 

(c) a third epitope sequence from a third domain of the HCV polyprotein which domain is: 

30 

(i) the NS3 domain of the HCV polyprotein; 

(ii) the NS4 domain of the HCV polyprotein; or 
(Hi) the NS5 domain of the HCV polyprotein; 

36 wherein the third domain is different from the second domain; 

with the proviso that the combination is not the peptide p1 with C100-3, the peptide p35 with C1 00-3 or the peptide 
p99 with C100-3. 

2. A method according to claim 1 wherein the second domain is NS3. 

40 

3. A method according to claim 1 wherein the second domain is NS4. 

4. A method according to claim 1 in which the combination comprises: 

45 (a) a first epitope sequence from the C domain of the HCV polyprotein; 

(b) a second epitope sequence from the NS3 domain of the HCV polyprotein; and 

(c) a third epitope sequence from the NS4 domain of the HCV polyprotein. 

5. A method according to any one of claims 1 to 4 wherein the solid matrix is the surface of a microtiter plate well, a 
50 bead or dipstick. 

6. A method according to any one of claims 1 to 5 wherein the first, second and third epitope sequences are contained 
in first, second and third polypeptides respectively individually bound to the solid matrix. 

55 7. A method according to claim 6 wherein the solid matrix is a dipstick and the polypeptides are distributed individually 
in a pattern such that binding to the first, second and third polyp ptides may be discerned. 



8. The method of any one of claims 1 to 5 wherein the combination is in the form of a fusion polypeptide. 
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Patentanspruche 



Patentanspruche f Or folgende Vertragsstaaten : AT, BE, CH, DE, DK, FR, GR, IT, LI, LU, NL, SE 

5 

1. Kombination von Hepatitis-C-Virus-(HCV-)Epitopsequenzen in einem Oder mehreren Polypeptid(en), hergestellt 
durch chemische Synthese oder rekombinante Expression, immobilisiert auf der Oberflache einer festen Matrix, 
mit der Eignung zum Nachweis von HCV in einem Immunoassay, umfassend: 

io (a) eine erste Epitopsequenz aus der C-Domane des HCV-Polyproleins; 

(b) eine zweite Epitopsequenz aus einer zweiten Domane des HCV- Poly proteins, wobei die Domane: 

(i) die NS3-Domane des HCV-Polyproteins; 

(ii) die NS4-Domane des HCV-Polyproteins; oder 
is (ijj) die NS5-Domane des HCV-Polyproleins ist; und 

(c) eine dritte Epitopsequenz aus einer dritten Domane des HCV-Polyproteins, wobei die Domane: 

(i) die NS3-Domane des HCV-Polyproteins; 
20 (ii) die NS4-Domane des HCV-Polyproteins; oder 

(iii) die NS5-Domane des HCV-Polyproteins ist; 

wobei die dritte Domane sich von der zweiten Domane unterscheidet; 

mit der MaBgabe, da3 die Kombination nicht das Peptid pi mit C100-3, das Peptid p35 mit C100-3 Oder das Peptid 
25 P 99 mit C100-3 ist. 

2. Kombination nach Anspruch 1, worin die zweite Domane NS3 ist 

3. Kombination nach Anspruch 1, worin die zweite Domane NS4 ist 

30 

4. Kombination nach Anspruch 1, umfassend; 

(a) eine erste Epitopsequenz aus der C-Domane des HCV-Polyproteins; 

(b) eine zweite Epitopsequenz aus der NS3-Domane des HCV-Polyproteins; und 
35 (c) eine dritte Epitopsequenz aus der NS4-Domane des HCV-Polyproteins. 

5. Kombination nach einem der Anspruche 1 bis 4, worin die feste Matrix die Oberflache einer Kavitat einer Mikroli- 
terplatte, eines Kflgelchens oder eines Tauchstabchens ist. 

to 6. Kombination nach einem der AnsprOche 1 bis 5, worin die ersten, zweiten und dritten Epitopsequenzen in den 
ersten, zweiten bzw. dritten Polypeptiden in individueller Bindung an die feste Matrix enthalten sind. 

7. Kombination nach Anspruch 6, worin die feste Matrix ein Tauchstabchen ist und die Polypeptide individuell in einem 
Muster so verteilt sind, da3 die Bindung an das erste, zweite und dritte Polypeptid unterschieden werden kann. 

45 

8. Kombination nach einem der Anspruche 1 bis 5, worin die Kombination in Form eines Fusions-Polypeptids vorliegt. 

9. Verfahren zum Nachweis von Antikorpern gegen das Hepatitis-C-Virus (HCV) in einer Korpertcomponente eines 
Saugers, der venmutlich die Antikorper enthalt, wobei man die Korperkomponente mit der Kombination nach einem 

50 der AnsprOche 1 bis 8 unter Bedingungen in Kontakt bringt, die eine Antikdrper-Antigen-Reaktion erlauben, und 

die Anwesenheit von Immunkomplexen aus den Antikorpern und den Polypeptid-Epitopsequenzen nachweist. 

10. Kit zur Durchfuhrung eines Assays zum Nachweis von Antikorpern gegen das Hepatitis-C-Antigen (HCVI in einer 
Korperkompon nte eines Saugers, der vermutlich die Antikorper enthalt, umfassend in abgepackter Kombination: 

55 

(a) die Kombination aus HCV-Eprtopsequenzen nach einem der Anspruche 1 bis 9; 

(b) Standard-Kontrollreagentien; und 

(c) Anweisungen zur Durchfuhrung des Assays. 
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Patentanspr uche fur f olgend n Vertragsstaat : ES 

1. Verfahren zum NachW9is von Antikorpem gegen das Hepatitis-C-virus (HCV) in einer Korperkomponente eines 
Saugers, der vermutlich die Antikdrper enthalt, wobei man die Korperkomponente mit der Kombination von Poly- 

s peptid-HCV-Epitopsequenzen unter Bedingungen in Kontakt bringt, die Gine Antikdrper-Antigen-Reaktion erlau- 

ben, und die Anwesenheit von Immunkomplexen aus den Antikorpem und den Polypeptid-Epitopsequenzen nach- 
weist, wobei die Epitopsequenzen in einem oder mehreren Polypeptid(en) vorhanden sind, die durch chemische 
Synthese oder rekombinante Expression hergestelft wurden, auf der Oberflache einer festen Matrix immobilisiert 
sind und zum Nachweis von HCV durch einen Immunoassay geeignet sind, umfassend. 

10 

(a) eine erste Epitopsequenz aus der C-Domane des HCV-Polyproteins; 

(b) eine zweite Epitopsequenz aus einer zweiten Domane des HCV-Polyproteins, wobei die Domane: 

(i) die NS3-Domane des HCV-Polyproteins; 

is (ii) die NS4-Domane des HCV-Polyproteins; oder 

(iii) die NS5-Domane des HCV-Polyproteins ist; und 

(c) eine dritte Epitopsequenz aus einer dritten Domane des HCV-Polyproteins, wobei die Domane: 

20 (j) die NS3-Domane des HCV-Pofyproteins; 

(ii) die NS4-Domane des HCV-Polyproteins; oder 

(iii) die NS5-Domane des HCV-Polyproteins ist; 

wobei die dritte Domane sich von der zweiten Domane unterscheidet; 
26 mit der MaBgabe, daB die Kombination nicht das Peptid pi mit C10Q-3, das Peptid p35 mit C100-3 Oder das Peptid 

p99 mit C100-3 ist. 

2. Verfahren nach Anspruch 1 , wobei die zweite Domane NS3 ist 
30 3, Verfahren nach Anspruch 1, wobei die zweite Domane NS4 ist 

4. Verfahren nach Anspruch 1, wobei die Kombination umfaGt: 

(a) eine erste Epitopsequenz aus der C-Domane des HCV-Polyproteins; 
35 (b) eine zweite Epitopsequenz aus der N$3-Domane des HCV-Polyproteins; und 

(c) eine dritte Epitopsequenz aus der NS4-Domane des HCV-Polyproteins. 

5. Verfahren nach einem der AnsprQche 1 bis 4, wobei die feste Matrix die Oberflache einer Kavitat einer Mikrot'rter- 
platte, eines Kugelchens oder eines Tauchstabchens 1st 

40 

6. Verfahren nach einem der Anspruche 1 bis 5, wobei die ersten, zweiten und dritten Epitopsequenzen in den ersten, 
zweiten bzw. dritten Polypeptiden in individueller Bindung an die feste Matrix enthalten sind. 

7. Verfahren nach Anspruch 6, wobei die feste Matrix ein Tauchstabchen ist und die Polypeptide individual! in einem 
45 Muster so verteilt sind, daf3 die Bindung an das erste, zweite und dritte Polypeptid unterschieden werden kann. 

8. Verfahren nach einem der Anspruche 1 bis 5, wobei die Kombination in Form eines Fusions-Polypeptids vorliegt. 



so R vendications 



R v ndi ationa pour les Etata contractanta aulvanta : AT, BE, CH, DE, DK, FR, GR, IT, LI, LU, NL, SE 

1 . Combinaison de sequences epHopiques de virus de I'hSpatrte C (HCV) dans un ou plusieurs polypeptides produits 
par synthese chimique ou par expression recombinante, immobilisee a la surface d'une matrice solide appropriee 
pour la detection du HCV par test immunologique, comprenant : 
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(a) une premier© sequence Spitopique du domaine C de la polyproteine de HCV ; 

(b) une deuxteme sequence 6pitopique d'un deuxieme domaine de la polyproteine de HCV, domaine qui est : 

s (i) le domaine NS3 de la polyproteine de HCV ; 

(ii) le domaine NS4 de la polyproteine de HCV ; ou 
(lii) le domaine NS5 de la polyproteine de HCV ; et 

(c) une troisie-me sequence dpitopique d'un troisieme domaine de la polyproteine de HCV domaine qui est ; 

70 

(i) le domaine NS3 de la polyproteine de HCV ; 

(ii) le domaine NS4 de la polyproteine de HCV ; ou 

(iii) le domaine NS5 de la polyproteine de HCV ; 

is le troisieme domaine etant different du deuxieme domaine ; 

avec la condition que la combinaison ne soil pas le peptide p1 avec C100-3, le peptide p35 avec C100-3ou 
le peptide p99 avec C100-3. 

Combinaison eelon la revendication 1 , dans laquelle le deuxi&me domaine est NS3. 
Combinaison selon la revendication 1 t dans laquelle le deuxfeme domaine est NS4, 
Combinaison selon la revendication 1 , qui comprend ; 

(a) une premiere sequence 6pitopique du domaine C de la polyproteine de HCV; 

(b) une deuxfeme sequence epitopique du domaine NS3 de la polyproteine de HCV ; et 

(c) une troisieme sequence 6pitopique du domaine NS4 de la polyproteine de HCV. 

Combinaison selon Tune quelconque des revendications 1 & 4, dans laquelle la matrice solide est la surface d'un 
puits de plaque de microtitration, d'une bille ou d'une bandelette reactive. 

Combinaison selon Tune quelconque des revendications 1 & 5, dans laquelle les premiere, deuxieme et troisieme 
sequences Spitopiques sont contenues dans les premier, deuxieme et troisieme polypeptides respectivement, Ii6s 
individuellement & la matrice solide. 

Combinaison selon la revendication 6. dans laquelle la matrice solide est une bandelette reactive et les polypep- 
tides sont distribuSs individuellement dans une disposition telle que (es liaisons avec les premier, deuxieme et 
troisfeme polypeptides puissent Stre distinguSes. 

Combinaison selon Tune quelconque des revendications 1 & 5, dans laquelle la combinaison est sous la forme 
d'un polypeptide de fusion. 

MSthode pour dStecter des anticorps dirigSs contre le virus de I'rtepatrte C (HCV) dans un constituant corporel 
d'un mammif6re dont on soupconne qu'il contient lesdits anticorps, comprenant les Stapes consistant S mettre en 
contact ledit constituant corporel avec la combinaison de Tune quelconque des revendications 1 & 8 dans des 
conditions qui permettent une reaction antig&ne-anticorps et k d6tecter la presence de complexes immuns desdits 
anticorps et desdites sequences polypeptidiques 6pitopiques. 

Kit pour ffectuer un test de detection d'anticorps dirigds contre un antigen de I'rtepatite C (HCV) dans un cons- 
tituant corporel d'un irammrfere dont on soupconne qu'il contient lesdits anticorps, comprenant dans un ensemble 
conditionn6 : 

55 (a) la combinaison de sequences 6pitopiquee de HCVde I'une quelconque des revendications 1 k 8; 

b) des teactH s temoins Stalons ; et 
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(c) des instructions pour effectuer I test. 

Revendications pour I'Etat contractant suivant : ES 

5 

1 . MEthode pour detecter des anticorps du virus de I'hepatite C (HC V) dans un constituant corporel d'un mammifere 
dont on soup9onne qu'il contient lesdits anticorps, comprenant les Stapes consistant a mettre en contact ledit 
constituant corporel avec la combinaison de sequences potypeptidiques epitopiques de HCV, dans des conditions 
qui permettent une reaction antigene-anticorps, et a detecter ia presence de complexes immuns desdits anticorps 
to et desdites sequences potypeptidiques epitopiques, dans laquetle les sequences epitopiques sont dans un ou 

plusieurs polypeptides produrts par synthese chimique ou expression recombinante, immobilises a la surface d'une 
matrice solide appropriee pour la detection de HCV par un test immunologique, comprenant : 



is 



so 



(a) une premiere sequence epitopique du domaine C de la polyproteine de HCV ; 

(b) une deuxieme sequence 6pitopique d'un deuxieme domaine de la polyproteine de HCV, domaine qui est : 



(i) le domaine NS3 de la polyproteine de HCV; 

(ii) le domaine NS4 de la polyproteine de HCV; ou 
20 (iii) le domaine NS5 de la polyproteine de HCV ; et 

(c) une troisieme sequence epitopique d'un troisieme domaine de la polyproteine de HCV, domaine qui est: 

(i) le domaine NS3 de la polyproteine de HCV; 
25 (ii) ie domaine NS4 de la polyproteine de HCV ; ou 

(iii) le domaine NS5 de la polyproteine de HCV ; 

le troisieme domaine dtant different du deuxieme domaine ; 

avec la condition que la combinaison ne soit pas le peptide p1 avec C1 00-3, le peptide p35 avec C1 00-3 ou 
30 le peptide p99 avec C1 00-3. 

2. Methode selon la revendication 1 , dans laquelle le deuxieme domaine est NS3. 

3. Methode selon la revendication 1 , dans laquelle le deuxieme domaine est NS4. 

36 

4. Methode selon la revendication 1 , dans laquelle la combinaison comprend : 

(a) une premiere sequence epitopique du domaine C de la polyproteine de HCV; 
40 (b) une deuxieme sequence Epitopique du domaine NS3 de la polyproteine de HCV ; et 

(c) une troisieme sequence Epitopique du domaine NS4 de la polyproteine de HCV. 

5. Methode selon i'une quelconque des revendications 1 a 4, dans laquelle la matrice solide est la surface d'un puits 
45 de plaque de microti! ration, d'une bille ou d'une bandelette reactive. 

6. M6thode selon I'une quelconque des revendications 1 a 5, dans laquelle les premiere, deuxieme et troisiem 
sequences d'epitope sont contenues dans les premier, deuxieme et troisieme polypeptides respectivement, lies 
individuellement a la matrice solide. 



7. Methode selon la revendication 6, dans laquelle la matric solide est une bandelette reactive et les polypeptides 
sont distribues indrviduellement dans une disposition telle que lee liaisons aux premier, deuxieme et troisiem 
polypeptides puissent etre distinguees. 



ss 8. Methode selon I'une quelconque des revendications 1 a 5, dans laquelle la combinaison est sous la forme d'un 
polypeptide de fusion. 
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